In this first article in the series of reviews on optical microscopy, applications of ratio imaging are discussed. for pH). Ion measurement by fluorescence ratio microscopy has been amply described previously (1, 2) . In this review we will discuss lesser known and new applications of fluorescence ratio microscopy and describe the factors to be considered when using ratio microscopy. Each panel is 93 ,im in width.
APPLICATIONS OF RATIO FLUORESCENCE MICROSCOPY
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However, due to its optical sectioning ability, confocal microscopy is capable of imaging cells bathed in extracellular fluorophores, permitting the continuous endocytosis and delivery of extracellular fluorophore to sorting endosomes.
Color plate 2 shows one such optical section of a microscopic field of CHO cells in a solution of fluoresceinrhoclamine-transferrin (F-R-Tf')2 in which one can see the diffuse fluorescence of the extracellular medium, the dark cytoplasm from which the extracellular F-R-Tf is excluded, and the brightly labeled intracellular endosomes.
The neutral pH of the cell surface is evident in the diffuse green color of the surface-bound F-R-Tf, and the acidic endosome pH is evident in the bright, punctate yellow color of the intracellular endosomes.
An example of an endosome pH calibration curve, constructed by labeling cells with F-R-Tf, fixing them, and equilibrating endosome pH with a series of pH buffers, is shown in Fig. 1 .
One drawback of this method is that a ratio measurement of two fluorophores is affected by differences in their sensitivities to photobleaching.
Due to the greater photosensitivity of fluorescein, extended illumination of cells labeled with F-R-Tf has the effect of increasing the RJF ratio, making endosomes appear artificially acidic. The extent of photobleaching can be minimized by reducing the intensity and duration of illumination.
To the degree that some photobleaching is unavoidable, one must scrupulously adhere to a fixed regimen of image collection so that fields of living cells and fields of fixed, pH-equilibrated calibration cells have nearly identical illumination histories.
We have found that this procedure effectively controls for the effects of differential photobleaching.
FRET fluorescence ratio microscopy
In resonance energy transfer (RET) an excited fluorescent donor molecule, rather than emitting light, transfers that energy via a dipole-dipole interaction to an acceptor molecule in close proximity (15) . If the acceptor is fluorescent, then the decrease in donor fluorescence due to RET is accompanied by an increase in acceptor fluorescence (sensitized emission).
The amount of RET depends strongly on
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Buffer pH Each data point shown above is the average (± SD) of normalized ratios from three separate experiments.
The ratios at each time point in a single experiment were normalized to the ratio at the end of the chase (t -5 mm). and DNA isolated from tumor cells was labeled with another.
Cytogenetic applications of ratio fluorescence microscopy
These two probes were combined and hybridized to normal metaphase chromosomes.
In the resultant hybridizations, loss or gain of DNA sequences were apparent as changes in the fluorescence ratio along the chromosomes.
FACTORS AFFECTING FLUORESCENCE QUANTIFICATION
Before quantitative microscopy can be used productively, it is necessary to understand some of the factors that can affect fluorescence quantification. Here we will briefly discuss some factors that can affect quantitative microscopy; a more thorough treatment may be found in ref 46.
The amount of fluorescence excited at each point in a microscopic field depends on the spectral and spatial distribution of illumination. For example, although xenon arc lamps produce a relatively uniform spectrum of illumination from the UV into the visible spectrum, the output of mercury arc lamps includes strong peaks at several wavelengths in the UV and visible spectra.
Consequently, certain fluorophores are excited better than others by the output from a mercury arc lamp. Spatial homogeneity in illumination across the microscope field is best achieved using Koehler IIlumination in which the illumination source is maximally defocused at the image plane. However, critical illumination, in which an image of the source arc is focused at the image plane, will provide stronger illumination to a restricted portion of the microscope field. With dim fluorescence signals, critical illumination may be preferable, and reasonable field homogeneity can be achieved in the relatively small region imaged by most detectors.
The It is possible that dyes may be designed that exhibit long Stokes shift without these drawbacks. Each of these improvements in the imaging hardware, optics, and especially probe chemistry will enhance the speed, sensitivity, and efficiency of fluorescence detection. As a consequence, we expect to see increased application of fluorescence microscopy to the study of living cells, which provide the most fastidious requirements for fluorescence microscopy as well as the most exciting application.
